This paper examines the thermal and flow fields characteristics of laminar steady mixed convection flow in a rectangular inclined lid-driven cavity filled with water-based nanofluids numerically using finite difference method. Whilst a uniform heat source is located on a part of the left inclined sidewall of the cavity, the right inclined sidewall is considered adiabatic together with the remain parts of the left inclined sidewall. The top and bottom walls are maintained at a relatively low temperature and the top wall moves from left to right with uniform lid-driven velocity. The fluid inside the cavity is a water based nanofluid containing different types of solid spherical nanoparticles: Cu, Ag, Al203, and Ti02• Based on the numerical simulation, the effects of the dominant parameters such as Richardson number, cavity inclination angle, solid volume fraction, heat source effect and type of nanoparticles are examined. The numerical results are obtained for inclination angles ranging from 0° to 90°, for Reynolds numbers varying from 1 to 100 and for the solid volume fractions varying from 0% to 20%. Comparisons with previously published numerical works on mixed convection in a nanofluid filled cavity are performed and good agreements between the results are observed. It is found that the local Nusselt number is seen to decrease as the inclination angle and solid volume fraction increase. Also, the results of the present study indicate that the presence of nanoparticles in the fluid is found to alter the structure of the fluid flow. Moreover, it is observed that the shape of the circulation vortex is sensitive to the inclination angle and addition of nanofluids.
INTRODUCTION
their excellent thermal performance. Many studies indicate that the dispersion of a small amount of solid nanoparti cles in conventional fluids increases remarkably their ther mal conductivity. Compared to the existing techniques for enhancing heat transfer, the nanofluids show a superior potential for increasing heat transfer rates in a variety of cases. Various advantages of nanofluids applications include: improved heat transfer, heat transfer system size reduction, micro channel cooling and miniaturization of systems. 1 The term "nanofluid" does not simply refer to a specific liquid-solid mixture, but also to the necessity of other special characteristics, such as even suspension, stable suspension, durable suspension, low agglomeration of particles, and no chemical change of the fl uid. 2 Various Nanotechnology has been widely used in industry since materials with sizes of nanometers have clear physical and chemical properties. Nano-scale particle added fl uids are called as nanofluid which is firstly utilized by Choi.
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Nanofluids are a new kind of heat transfer fluids containing a small quantity of nano-sized particles (usually less than 100 nm) that are uniformly and stably suspended in a liq uid. They have received more attention as a new generation of heat transfer fluids in building heating, heat exchang ers, plants and automotive cooling applications, because of numerical and experimental studies on nanofl uids in a lid driven square or rectangular cavities have been studied extensively in the literature. Iwatsu et al. 3 studied mixed convection in a driven cavity with a stable vertical temper ature gradient. Khanafer and Chamkha 4 extended the work of Iwatsu et al. 3 and studied mixed convection flow in a lid-driven enclosure fi lled with a fluid-saturated porous medium in the presence of heat generation effects. Wang et al. 5 investigated the free convection heat transfer of Al 2 0rwater nanofluids in a horizontal and vertical rectan gular cavities. They reported that the ratio of heat transfer coeffi cient of nanofluids to that of base fluid was decreased as the size of nanoparticles increased. Tiwari and Das6 investigated numerically heat transfer augmentation in a two sided lid-driven differentially heated square cavity utilizing copper-water nanofluid. They considered differ ent cases characterized by the direction of walls move ment. They concluded that both the Richardson number and direction of moving walls influenced the fluid fl ow and thermal behavior. Ho et al. 7 performed a numerical sim ulation of two-dimensional buoyancy-driven natural con vection in a square enclosure fi lled with alumina-water nanofluid. The effects due to uncertainties of viscosity and thermal conductivity have been identifi ed. A significant difference was found in the effective dynamic viscosity enhancement calculated from considered formulas other than increment of thermal conductivity. Muthtamilselvan et al. 8 studied numerically the mixed convection in a lid driven enclosure fi lled with copper-water nanofluids for various aspect ratios. It was found that both the aspect ratio and solid volume fraction affected the fluid flow and heat transfer in the lid-driven enclosure. Waheed9 studied mixed convective heat transfer in rectangular enclosures driven by a continuously moving horizontal plate. While Ouertatani et al.10 studied mixed convection in a double lid-driven cubic cavity. Kakac and Pramuanjaroenkij11 presented an excellent review of convective heat transfer enhancement with nanofluids. They summarized the important published articles on the enhancement of the convection heat trans fer with nanofluids. Mahmoudi et al. 1 2 studied numerically using the fi nite volume approach mixed convection flow and temperature fields in a vented square cavity subjected to an external copper-water nanofluid. The natural con vection effect was attained by heating from the constant flux heat source on the bottom wall and cooling from the injected flow. In order to investigate the effect of inlet and outlet locations, four different placement configurations of the inlet and outlet ports were considered. In each of them, both the inlet and outlet ports were alternatively located either on the top or the bottom of the sides and external flow entered in to the cavity through an inlet opening in the left vertical wall and exist from another opening in the opposite wall. The remaining boundaries were consid ered adiabatic. Their study had been carried out for the Reynolds number in the range of 50 S Re S 1000, with Richardson numbers 0 S Ri S 10 and for solid volume fraction 0 S cp S 0.05. Results were presented in the form of streamlines, isotherms and average Nusselt number. In addition, the effects of solid volume fraction of nanofluids on the hydrodynamic and thermal characteristics had been investigated and discussed.
Talebi et al.1 3 investigated numerically mixed convec tion flows in a lid-driven square cavity utilizing copper water nanofluid. They showed that at a given Reynolds number and Rayleigh number, solid concentration had a positive effect on heat transfer enhancement. Abu-Nada and Chamkha14 solved numerically the problem of steady laminar mixed convective flow and heat transfer of a nanofluid made up of water and Al20 3 in a lid-driven inclined square enclosure using a second-order accurate finite-volume method. The method was validated by direct comparisons with previously published work on special cases of the problem and the results were found to be in good agreement. Graphical results for various paramet ric conditions were presented and discussed. It was found that the heat transfer mechanisms and the flow charac teristics inside the cavity were strongly dependent on the Richardson number. Also, it was predicted that signifi cant heat transfer enhancement could be obtained due to the presence of nanoparticles and that this was accentu ated by inclination of the enclosure at moderate and large Richardson numbers. Ghasemi and Aminossadati 15 pre sented the results of a numerical study on the mixed con vection in a lid-driven triangular enclosure filled with a water-Al 2 0 3 nanofl uid. A comparison study between two different scenarios of upward and downward left sliding walls was presented. The effects of parameters such as Richardson number, solid volume fraction and the direc tion of the sliding wall motion on the flow and temperature fields as well as the heat transfer rate were examined. The results showed that the addition of Al 2 0 3 nanoparticles enhanced the heat transfer rate for all values of Richardson number and for each direction of the sliding wall motion. However, the downward sliding wall motion exhibited a stronger flow circulation within the enclosure and hence, a higher heat transfer rate. Shahi et al. 16 executed a numer ical investigation of mixed convection flows through a copper-water nanofluid in a square cavity with inlet and outlet ports. The natural convection effect was attained by heating from the constant flux heat source which was symmetrical located at the bottom wall and cooling from the injected flow. The governing equations were solved using the finite volume approach. The study had been car ried out for the Reynolds number in the range 50 S Re S 1000, with Richardson numbers 0 S Ri S 10 and for solid volume fraction 0 :::; cp :::; 0.05. Results were presented in the form of streamlines, isotherms, average Nusselt num ber and average bulk temperature. In addition, the effects of solid volume fraction of nanofluids on the hydrody namic and thermal characteristics have been investigated and discussed. The results indicated that increase in solid concentration caused to increase in the average Nusselt number at the heat source surface and a decrease in the average bulk temperature. Another useful researches have been conducted to simulate the convection heat transfer using nanofluid under different conditions.11-2 5 A litera ture survey indicates that no studies have been done on mixed convection in a lid-driven inclined rectangular cav ity partially heated from its left side wall using a nanofluid concept compared to the natural convection case. To reach this goal, the objective of the present work is to exam ine the effects of Richardson number, solid volume frac tions and inclination angles on the mixed convection in a two-dimensional lid-driven inclined rectangular cavity filled with water-based nanofluids. Table I . In the cavity, the top and bottom walls are kept to be cooled and the top wall moves from left to right with uniform lid-driven velocity (U p ) . In order to create the buoyancy effect, a uniform heat source is located on a part of the left inclined wall while the other parts are con sidered adiabatic. The rectangular cavity left and right side walls are inclined at an angle (<I>) with respect to vertical. The thermo-physical properties of both the base fluid and nanofluid are assumed to be constant except for the den sity variation, which is modeled using Boussinesq model. The dimensionless governing equations for the laminar and steady state mixed convection in terms of the stream function-vorticity formulation are: 1 4
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These dimensionless governing equations have been obtained by employing the following non-dimensional variables as listed below:
The non-dimensional boundary conditions are given by: ( 1) The bottom wall of the cavity is maintained at constant cold temperature, i. The local and average Nusselt number along the heat source surface can be written as: 2 7
where, fJ,(Y) is the dimensionless local temperature along the heat source
NUMERICAL PROCEDURE AND VALIDATION
Because of the non-linear interactions among the Eqs. 
RESULTS AND DISCUSSION
The mixed convection heat transfer of water-based nanofluids in an inclined rectangular lid-driven cavity with a uniform heat source located on a part of its left inclined sidewall has been investigated numerically in this study.
In the present work, the parameters B, D and Gr are con sidered fixed during the analysis at the values 0.4, 0.5 and 100 respectively. The range of Reynolds number is taken as (1 S Re S 100), the range of inclination angles (<t>)
is varied as 0°, 30°, 60° and 90° respectively while the solid volume fraction range is taken as (0 S <p S 0.2). The results of the present study are shown in Figures 2-11 and Tables II-V Mixed Mixed Convection of Water-Based Nanofluids in a Rectangular Inclined Lid-Driven Cavity Hussein et al. this behaviour is due to the location of heat source in the inclined left sidewall which helps it to enlarge in this direction. When the solid volume fraction of nanoparticles increases, the circulation intensity decreases as a result of small energy transport through the flow related with the low movement of the nanoparticles. The high quantities of 2228 nanoparticles volume fraction cause a significant increase in the fluid viscosity and as a result causes the velocity to be decrease. Streamlines strength also decreases with increasing the solid volume fraction of nanoparticles. From the other hand, when the Richardson number increases from Ri = 0.05 and 10 to Ri = 100, the effect of buoyancy 
CONCLUSIONS
The following conclusions can be drawn from the results of the present work.
( 1) It is found that the existance of a heat source at the inclined left sidewall of the cavity causes the vortex to extend vertically. This due to the location of heat source in the inclined left sidewall which helps it to enlarge in the vertical direction. 
